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いる19，20，23，24）。Schaap らは、平均年齢 74 歳の
男女 986 人を対象者とした観察研究において、
IL-6 および CRP の血中濃度が高い高齢者は、3



















さ せ る4）。TNF-α お よ び IL-6 は、Insulin re-
















ing protein（FoxO） や Nuclear factor-kappa 
B（NF-κB）を介して、骨格筋のユビキチンリ











である。TNF-α は骨格筋に存在する TNF-α 受
























盛大紀要 第35号.indb   111 18/03/15   7:56
サルコペニアの発症および進展における炎症のかかわり （長谷川　和哉）
― 112 ―
















1） Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. 
Sarcopenia : European consensus on definition 
and diagnosis : Report of the European Working 
Group on Sarcopenia in Older People. Age Age-
ing. 2010 ; 39 : 412‒423.
2） Reijnierse EM, Trappenburg MC, Blauw GJ, et 
al. Common Ground ?　The Concordance of Sar-
copenia and Frailty Deﬁ nitions. J. Am. Med. Dir. 
Assoc. 2016 ; 17 : 371. e7‒12.
3） Phillips SM, Glover EI, Rennie MJ. Alterations of 
protein turnover underlying disuse atrophy in 
human skeletal muscle. J. Appl. Physiol. 2009 ; 
107 : 645‒654
4） Laplante M, Sabatini DM. mTOR signaling at a 
glance. J. Cell Sci. 2009 ; 122 : 3589‒3594
5） Lexell J, Taylor CC, Sjostrom M. What is the 
cause of the ageing atrophy ?　Total number, 
size and proportion of diﬀ erent ﬁ ber types stud-
ied in whole vastus lateralis muscle from 15- to 
83-year-old men. J. Neurol. Sci. 1988 ; 84 : 275‒294.
6） Volpi E, Sheﬃ  eld-Moore M, Rasmussen BB, et al. 
Basal muscle amino acid kinetics and protein 
synthesis in healthy young and older men. 
JAMA 2001 ; 286 : 1206‒1212.
7） D'Antona G, Nisoli E. mTOR signaling as a tar-
get of amino acid treatment of the age-related 
sarcopenia. Interdiscip. Top. Gerontol. 2010 ; 37 : 
115‒141.
8） Cholewa JM, Dardevet D, Lima-Soares F, et al. 
Dietary proteins and amino acids in the control 
of the muscle mass during immobilization and 
aging : role of the MPS response. Amino Acids 
2017 ; 49 : 811‒820.
9） Trappe T, Williams R, Carrithers J, et al. Inﬂ u-
ence of age and resistance exercise on human 
skeletal muscle proteolysis : a microdialysis ap-
proach. J. Physiol. 2004 ; 554 : 803‒813.
10） Xia Z, Cholewa J, Zhao Y, et al. Targeting In-
ﬂ ammation and Downstream Protein Metabolism 
in Sarcopenia : A Brief Up-Dated Description of 
Concurrent Exercise and Leucine-Based Multi-
modal Intervention. Front Physiol. 2017 ; 8 : 434.
11） Wilson D, Jackson T, Sapey E, et al. Frailty and 
sarcopenia : The potential role of an aged im-
mune system. Ageing Res Rev. 2017 ; 36 : 1‒10.
12） Lee JSW, Auyeung TW, Kwok T, et al. Associat-
ed factors and health impact of sarcopenia in 
older Chinese men and women : a cross-sectional 
study. Gerontology. 2008 ; 53 : 404‒410.
13） Cai D, Frantz JD, Tawa NE Jr, et al. IKK β/
NF-κB activation causes severe muscle wasting 
in mice. Cell. 2004 ; 119 : 285‒298.
14） Baylis D, Bartlett DB, Patel HP, et al. Under-
standing how we age : insights into inﬂ ammag-
ing. Longev Healthspan. 2013 ; 2 : 8.
15） Franceschi C, Campisi J. Chronic inﬂ ammation
（inﬂ ammaging）and its potential contribution to 
age-associated diseases. J Gerontol A Biol Sci 
Med Sci. 2014 ; 1 : S4‒9.
16） Tornatore L, Thotakura AK, Bennett J, et al. 
The nuclear factor kappa B signaling pathway : 
integrating metabolism with inflammation. 
Trends Cell Biol. 2012 ; 22 : 557‒566.
17） Budui SL, Rossi AP, Zamboni M. The pathoge-
netic bases of sarcopenia. Clin Cases Miner Bone 
Metab. 2015 ; 12 : 22‒26.
18） Merritt EK, Stec MJ, Thalacker-Mercer A, et al. 
Heightened muscle inflammation susceptibility 
may impair regenerative capacity in aging hu-
mans. J Appl Physiol. 2013 ; 115 : 937‒948.
19） Schaap LA, Pluijm SM, Deeg DJ, et al. Inﬂ amma-
tory markers and loss of muscle mass（sarcope-
nia）and strength. Am J Med. 2006 ; 119 : 526.
e9‒17.
20） Schaap LA, Pluijm SM, Deeg DJ, et al. Higher in-
ﬂ ammatory marker levels in older persons : as-
盛大紀要 第35号.indb   112 18/03/15   7:56
盛岡大学紀要　第 35 号
― 113 ―
sociations with 5-year change in muscle mass 
and muscle strength. J Gerontol A Biol Sci Med 
Sci. 2009 ; 64 : 1183‒1189
21） Granic A, Davies K, Martin-Ruiz C, et al. Grip 
strength and inﬂ ammatory biomarker proﬁ les in 
very old adults. Age Ageing. 2017 ; 25 : 1‒6.
22） Bian AL, Hu HY2, Rong YD, et al. A study on 
relationship between elderly sarcopenia and in-
ﬂ ammatory factors IL-6 and TNF-α. Eur J Med 
Res. 2017 12 ; 22 : 25.
23） Cesari M, Penninx BW, Pahor M, et al. Inﬂ am-
matory markers and physical performance in 
older persons : the InCHIANTI study. J Gerontol 
A Biol Sci Med Sci. 2004 ; 59 : 242‒248.
24） Brinkley TE, Leng X, Miller ME, et al. Chronic 
inflammation is associated with low physical 
function in older adults across multiple comor-
bidities. J Gerontol A Biol Sci Med Sci. 2009 ; 64 : 
455‒461.
25） Goodman MN. Tumor necrosis factor induces 
skeletal muscle protein breakdown in rats. Am J 
Physiol. 1991 ; 260 : E727‒E730.
26） Goodman MN. Interleukin-6 induces skeletal 
muscle protein breakdown in rats. Proc Soc Exp 
Biol Med. 1994 ; 205 : 182‒185.
27） Budui SL, Rossi AP. The pathogenetic bases of 
sarcopenia. Clin. Cases Miner. Bone Metab. 2015 ; 
12 : 22‒26.
28） Febbraio MA, Hiscock N, Sacchetti M, et al. In-
terleukin-6 is a novel factor mediating glucose 
homeostasis during skeletal muscle contraction. 
Diabetes 2004 ; 53 : pp.1643‒1648.
29） Plomgaard P, Bouzakri K, Krogh-Madsen R, et 
al. Tumor necrosis factor-alpha induces skeletal 
muscle insulin resistance in healthy human sub-
jects via inhibition of Akt substrate 160 phos-
phorylation. Diabetes. 2005 ; 54 : 2939‒2945.
30） Bodine SC, Baehr LM. Skeletal muscle atrophy 
and the E3 ubiquitin ligases MuRF1 and MAF-
bx/atrogin-1. Am J Physiol Endocrinol Metab. 
2014 ; 307 : E469‒E484.
31） Sente T, Van Berendoncks AM, Fransen E, et al. 
Tumor necrosis factor-α impairs adiponectin sig-
nalling, mitochondrial biogenesis, and myogenesis 
in primary human myotubes cultures. Am J 
Physiol Heart Circ Physiol. 2016 ; 310 : H1164‒
H1175.
32） Povea-Cabello S, Oropesa-Ávila M, de la Cruz-
Ojeda P, et al. Dynamic Reorganization of the 
Cytoskeleton during Apoptosis : The Two Cof-
ﬁ ns Hypothesis. Int J Mol Sci. 2017 Nov 11 ; 18
（11）. pii : E2393.
33） Phillips T, Leeuwenburgh C. Muscle ﬁ ber specif-
ic apoptosis and TNF-alpha signaling in sarcope-
nia are attenuated by life-long calorie restriction. 
FASEB J. 2005 ; 19 : 668‒670.
34） Dupont-Versteegden EE. Apoptosis in muscle at-
rophy : relevance to sarcopenia. Exp Gerontol. 
2005 ; 40 : 473‒481.
35） Meng SJ, Yu LJ. Oxidative stress, molecular in-
ﬂ ammation and sarcopenia. Int J Mol Sci. 2010 ; 
11 : 1509‒1526.
36） Ko F, Abadir P, Marx R, et al. Impaired mito-
chondrial degradation by autophagy in the skel-
etal muscle of the aged female interleukin 10 
null mouse. Experimental Gerontology. 2016 ; 73 : 
23‒27.
37） Correia-Melo C, Marques FD, Anderson R, et al. 
Mitochondria are required for pro-ageing fea-
tures of the senescent phenotype. The EMBO 
Journal. 2016 ; 35 : 724‒742.
38） Sriram S, Subramanian S, Sathiakumar D, et al. 
Modulation of reactive oxygen species in skeletal 
muscle by myostatin is mediated through NF-κB. 
Aging Cell. 2011 ; 10 : 931‒948.
盛大紀要 第35号.indb   113 18/03/15   7:56
